Abstract An extraction procedure based on the Quick Easy Cheap Effective Rugged and Safe (QuEChERS) approach has been developed and used for analysis of particle-bound nitrated and oxygenated PAH derivatives (NPAH and OPAH, respectively). Several analytical conditions, for example GC injection temperature and MS detection settings, were optimized. This analytical procedure enabled simultaneous GC-NICIMS quantification of 32 NPAH and 32 OPAH (or other oxygenated compounds), including typical components of secondary organic aerosol (SOA) formed by photooxidation of PAH (e.g. 2-formyl-trans-cinnamaldehyde and 6H-dibenzo [b,d]pyran-6-one). The QuEChERS-like approach was optimized, including the nature of the extraction solvent, the sorbent used for clean-up, and extraction time. The final extraction procedure was based on brief mechanical agitation (vortex mixing for 1.5 min), with 7 mL acetonitrile as solvent. Because dispersive solid-phase extraction (d-SPE) did not provide satisfactory results, SPE using SiO 2 was selected for sample purification. Identical results were obtained when the QuEChERS-like and traditional pressurised solvent extraction (PLE) procedures were compared for analysis of fortified ambient air particle samples. The procedure was validated by analysis of two aerosol standard reference materials (NIST SRM 1649b (urban dust) and SRM 2787 (fine particulate matter, <10 μm)). For numerous NPAH and OPAH, this is the first report of their quantification in both SRMs. Compared with other extraction methods, including PLE, the QuEChERS-like procedure resulted in increased productivity and reduced extraction cost. This paper shows that QuEChERS-like extraction procedures can be suitably adapted for molecular chemical characterization of aerosol samples and could be extended to other categories of compound.
Introduction and objectives
Polycyclic aromatic hydrocarbon (PAH) derivatives (nitrated and oxygenated PAH, NPAH, and OPAH, respectively) are compounds of major concern because of their toxicity [1] [2] [3] [4] [5] [6] [7] . Some are now classified as probably or possibly carcinogenic to humans by the IARC (International Agency for Research on Cancer, groups 2A and 2B) [8, 9] . They are present in the atmosphere as a result of direct emission during combustion and secondary formation by homogeneous and heterogeneous photooxidation processes [10] . They are also of scientific interest because they are, typically, found in the secondary organic aerosol (SOA) formed by photooxidation of PAH [11, 12] .
Quantification of particle-bound OPAH and NPAH is usually achieved by use of solvent extraction then GC-MS (EI or NICI), LC-MS, or LC-MS-MS analysis [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Other analytical techniques used include HPLC-CD, HPLC-FD, UPLCToFMS, GC×GC-ToFMS, and GC-ECD [13, 14, [27] [28] [29] [30] [31] .
Extraction of aerosol samples is usually achieved by solvent extraction. Use of a variety of methods has been described: Soxhlet, ultrasonication, microwave extraction, pressurised liquid extraction (PLE or accelerated solvent extraction, ASE) [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] , or supercritical-fluid extraction (SFE) [32, 33] . Solvents used include methanol, toluene, benzene, ethanol, dichloromethane (DCM), ethyl acetate, hexane, acetone, and their mixtures. The analytical procedure usually includes fractionation or clean-up of the extracts by solidphase extraction (SPE), open column chromatography, or HPLC. Analysis of OPAH (ketones and hydroxy-PAH) can also require derivatization (off-line or on-line) [13, 16, 20, [34] [35] [36] [37] . Use of solvent-free extraction techniques has also been reported, including thermaldesorption (TD) coupled with GC-ToFMS or GC × GC-ToFMS [36, 38] and laser desorption/ionization coupled to ToFMS (LD/LI-ToFMS) [39] .
All these extraction methods are very efficient and enable chemical characterization of organic aerosol content, including NPAH and OPAH. However, they are also timeconsuming, labour-intensive, require use of large volumes of organic solvent (toxic), and/or involve costly investment in material and maintenance (PLE, TD, LD, and SFE). They can also lead to potential degradation of some NPAH (known to be thermolabile compounds) and OPAH [40] because of the high temperatures used for extraction (no conservation of sample integrity).
The QuEChERS (Quick Easy Cheap Effective Rugged and Safe) extraction procedure was initially developed for analysis of pesticides in fruit and vegetables [41, 42] . The main advantages of this technique are shortening and simplification of sample extraction and purification. Regarded as a soft extraction method (a smaller quantity of interfering compounds are supposedly extracted), it involves extraction at room temperature (to maintain sample integrity) by agitation (or vortex mixing) with, usually, acetonitrile (ACN) as solvent, followed by optional clean-up by dispersive solid-phase extraction (d-SPE). The total extraction and clean-up time is usually approximately 10 min and the quantity of solvent used is kept to a minimum (5-15 mL) [42] . Fewer steps (and less time) are required by the QuEChERS approach than by traditional extraction, which minimizes sources of experimental error. The materials required (vortex mixer and centrifuge) are not very costly. QuEChERS is now popular in the agroalimentary and agrochemical sciences and standard methods for analysis of foodstuffs are also based on this approach [43] . Modified QuEChERS procedures, also, have been successfully applied to other types of food (fish, shellfish) and environmental matrices (soils, sediments, atmospheric particulate matter) and to other compounds (PBDEs, VOCs, PCBs, pharmaceuticals, and PAH) [42, [44] [45] [46] [47] [48] [49] [50] [51] . A QuEChERS-like extraction procedure has been used for molecular chemical characterization of PAH in ambient air and aerosol emissions [51] .
The objectives of this study were to evaluate and report the applicability of a QuEChERS-like extraction procedure for analysis of nitrated and oxygenated PAH in aerosol samples. The extraction procedure was developed for analysis of fortified ambient air particulate samples by use of GC-NICIMS. Results were compared with those obtained by use of the commonly used PLE-SPE approach. The method was validated by analysis of two NIST aerosol standard reference materials (SRM 1649b and 2787). The study included several improvements of analytical GC-NICIMS conditions and quantification of a 32 OPAH and other oxygenated compounds and 32 NPAH, some of which have not previously reported in both SRMs. Some of the compounds were typical of SOA formation by photooxidation of PAH [11, [52] [53] [54] [55] [56] .
Experimental

Chemical and solvents
The chemicals and solvents used, their purity, and details of supplier data are reported in the Supplementary Information (SI). Pure NPAH and OPAH (liquids, powders, or solutions) were purchased from a variety of commercial suppliers (Table S1 , Electronic Supplementary Material). One oxygenated compound and one OPAH, 2-formyl-transcinnamaldehyde and 6H-dibenzo[b,d]pyran-6-one (typical by-products of SOA formation from naphthalene and phenanthrene oxidation, respectively [11, [52] [53] [54] 
Extraction and purification
For PLE extraction, sample extraction and clean-up were performed by the procedure developed by Albinet et al. [18] and later used for analysis of PAH derivatives [58, [61] [62] [63] [64] [65] [66] . PLE with dichloromethane (DCM) as solvent was performed with Dionex ASE 200 equipment; 11 mL cells were used with extraction conditions set at 120°C, 140 bar (14 MPa), three cycles of 6 min for heat and static times, flush 90 %, and purge 120 s. Extracts were then concentrated to near dryness under a nitrogen stream (Zymark, Tubovap II) and dissolved in a small volume of DCM (100-200 μL). Sample extracts were first purified on alumina (neutral) SPE cartridges (500 mg, 3 mL; Macherey Nagel, Hoerdt, France). Organic extracts were eluted with 9 mL DCM. Extracts were concentrated under a nitrogen stream and dissolved in isooctane and a second purification was then performed on silica SPE cartridges (500 mg, 3 mL; Macherey Nagel). Alkanes were eluted with 1 mL pentane and discarded. NPAH and OPAH were then eluted with 9 mL 35:65 (v/v) DCM-pentane. After concentration under a gentle nitrogen stream, residues were dissolved in 100 μL ACN (or 1 mL for samples fortified with 50 ng NPAH and OPAH) for GC-NICIMS analysis. QuEChERS-like extraction was based on a method previously developed for analysis of particulate-bound PAH [51] . Samples were placed in centrifuge glass tubes (∅ = 16 mm, L=100 mm, screw cap with PTFE septum face; Duran, Mainz, Germany) and 7 mL solvent was added. The solvents and solvent mixtures tested were ACN, DCM, toluene, ethyl acetate, acetone, acetone-hexane (1:1), and DCM-hexane (9:1). The tubes were then shaken by vortex mixing with a multiposition vortex mixer for 30 s to 5 min (DVX-2500 MultiTube Vortexer; VWR, Fontenay-sous-Bois, France). Unless specified, the agitation (vortex) time was 1.5 min. Samples were then centrifuged for 5 min at 4,500 rpm (Sigma 3-16 PK centrifuge). Supernatant (5.5 mL) was collected, concentrated to near dryness under a gentle nitrogen stream and dissolved in a small volume of DCM (100-200 μL). In initial experiments (selection of extraction solvent), the same clean-up procedure as for PLE extracts was used (Al 2 O 3 or SiO 2 ). The procedure used was single-step purification by SiO 2 SPE (phase selected after method development; 500 mg, 3 mL; Macherey Nagel) then elution by a procedure similar to the second purification step used for PLE extracts (1 mL pentane discarded then elution with 9 mL 35:65 (v/v) DCM-pentane). After evaporation of the solvent, residues were dissolved in 100 μL ACN (or 1 mL for samples fortified with 50 ng NPAH and OPAH) before GC-NICIMS analysis.
For both PLE and QuEChERS extractions, samples (filter punches or SRMs) were spiked with known amounts of deuterated NPAH and OPAH surrogate standards before extraction (Table 1 Before analysis, purified samples were spiked with known amounts of two labelled internal standards (1-nitropyrene-d9 and 9-fluorenone-d8; 5 or 50 ng added, depending on the experiment) to evaluate the recovery of labelled NPAH and OPAH surrogates.
GC-NICIMS settings
Analysis was performed with an Agilent 7890A GC equipped with a MMI (multimode inlet) and coupled to a 5975C MS working in NICI mode (negative ion chemical ionization) (Table 1 ) [18] . Compounds were separated on an Optima-5MS Accent column (30 m×0.25 mm×0.25 μm film thickness; Macherey Nagel). Analytes were identified by comparison of retention times with those of standard compounds and from MS fragment patterns. Quantification of NPAH and OPAH was based on eight-point calibration curves prepared daily (gravimetrically diluted standard solutions from 2 to 500 pg μL −1 in ACN; 0.9990>r 2 >0.8500 for all compounds, except 0.60<r 2 <0.81 for phthalic anhydride, 1,2-naphthalic anhydride, 2,3-naphthalenedicarboxylic anhydride, anthrone, 1,2-naphthoquinone, 5,6-chrysenequinone, and 3-nitrobenzo[e]pyrene, for which calibration was more difficult). The final selected experimental conditions were 1 μL injection at 140°C in pulsed splitless mode at 30 psi (for 1.5 min) using an 4 mm ID split/splitless tapered focus line with wool (splitless time 1.6 min). Ultra pure He (99.9999 %) was used as carrier gas, at a constant flow rate of 1.5 mL min . The GC oven temperature started at 70°C for 5.1 min, was increased at 45°min −1 to 190°C, and was then increased at 5°min −1 to 320°C, which was held for 5 min (overall programme time 38.8 min). The transfer line temperature was 320°C. The source and quadrupole temperatures were 150°C, methane flow rate was 2.5 mL min −1 (CH 4 , 99.9995 % purity+Agilent triple gas clean filter), electron energy was 235 eV, and the emission current was 50 μA. Autotune Chemstation values were adopted for electron multiplier conditions. The MS was run in selected ion monitoring (SIM) mode. Monitored ions and dwell times are shown in Table 1 .
Results and discussion
GC-NICIMS conditions and performance
Optimisation of GC conditions
NPAH are thermolabile compounds known to decompose at high temperatures. Thus, low-temperature modes of injection (on-column, cold splitless, or solvent vent (= PTV; programmed temperature vaporization)) are preferred for their analysis [14, 17, 18, 22, 67, 68] . Several authors have also observed the thermal degradation of specific OPAH during GC injection [23, 69, 70] . Cochran et al. [16] recently demonstrated the advantages of pulsed splitless injection in comparison with classical splitless injection for analysis of NPAH and OPAH. Responses for the NPAH and OPAH were compared after the three modes of injection (splitless, PTV, and Bold italics denote surrogate standards; italics only denote internal standards pulsed splitless) (Fig. S1 , Electronic Supplementary Material). Pulsed splitless injection resulted in the best response for all the NPAH and OPAH compounds, especially the heavier compounds (e.g. dinitropyrene isomers). In contrast, the responses obtained by use of PTV were lowest, a result in contrast with that reported by Crimmins and Baker [67] . Finally, pulsed splitless injection mode was selected. The effect of pulse pressure was further evaluated (Fig. S2 , Electronic Supplementary Material). Although a higher pulse pressure resulted in better NPAH and OPAH responses, multiple peaks were also observed, notably for the lighter compounds. A pulse pressure of 30 psi seemed the best compromise and was selected.
Because some NPAH and OPAH are thermally unstable, the effect of injection temperature was investigated between 110 to 280°C (Fig. 1) . NPAH responses were maximum at an injection temperature of 140-200°C and significantly lower at 280°C. OPAH responses were quite constant. At an injection temperature of 110°C response was lower for all the compounds, and standard deviations were highest, probably because of poor reproducibility of vaporization. Responses to OPAH and NPAH were quite similar between 140°C and 200°C except for dinitropyrene isomers. Dinitropyrenes are of interest because of their relatively high toxicity [1, 2, 8, 71, 72] . They are very difficult to quantify because of their low chromatographic response and because they are present at very low concentrations in the atmosphere (~10 pg m −3 or lower) [61, [63] [64] [65] [66] . To obtain the highest sensitivity for dinitropyrene isomers and to prevent any thermodegradation of OPAH or NPAH, an injection temperature of 140°C was finally selected. The type of liner can also affect the response of the targeted compounds. Three types of deactivated liner (split/splitless with/without glass wool or frit) were tested (4 mm ID split/ splitless tapered focus liner with wool; splitless, 2 mm dimpled; 4 mm split liner with glass frit; Fig. S3 , Electronic Supplementary Material). The 4 mm ID split/splitless tapered focus liner with wool provided the best results for all compounds, notably the high molecular weight compounds, and was selected for further analysis. In contrast with the results of O'Connell et al. [15] , no significant effect of wool packing on the reproducibility of quantification of OPAH was observed in our study.
MS conditions were also optimized. Results similar to those of Cochran et al. [16] were obtained for the quantity of reagent gas (CH 4 ) (Fig. S4 , Electronic Supplementary Material). A reagent gas flow of 2.5 mL min −1 (50 %) was therefore selected for the analytical procedure. A higher source temperature (300°C) resulted in extensive fragmentation unsuitable for reliable quantification (not shown). These results were different from those obtained by Cochran et al. [16] . A source temperature of 150°C was selected. The final analytical conditions ("GC-NICIMS settings" section) enabled simultaneous quantification of 32 NPAH and 32 OPAH. It should be pointed out that quantification of some of the compounds of interest, for example 2-formyltrans-cinnamaldehyde and 6H-dibenzo[b,d]pyran-6-one [11, [52] [53] [54] , has not previously been reported, and was based on specifically synthesised standards. A typical chromatogram is shown in Fig. 2 . Peak identification number, retention times, and scanned ions are reported in Table 1 .
Limits of quantification
When these conditions were used, the instrumental limits of quantification (LOQ), defined as the lowest concentration of the compound than can be determined (S/N=10, calculated using the chromatograms obtained from the calibration solution of lowest concentration), were (Table 1) .
Extraction solvent
Seven different single solvents or solvent mixtures (ACN, DCM, toluene, ethyl acetate, acetone, 1:1 acetone-hexane, and 9:1 DCM-hexane) were investigated to determine their suitability as extraction solvents for the QuEChERS-like approach. Initial tests with fortified blank filters revealed recovery of the surrogates was substantially lower when acetone or 1:1 acetone-hexane were used (data not shown). These two solvents were therefore not used for subsequent tests using fortified ambient air filter samples. Results from comparison of surrogate recoveries are shown in Fig. S5 (Electronic   Supplementary Material) . Surrogate recoveries were systematically lower when PLE (with DCM) was used and higher when QuEChERS extraction (with DCM-hexane) was used. No significant differences were observed for the other solvents. Overall, masses of OPAH and NPAH extracted using all the solvents tested were similar to those obtained by use of PLE (Figs. 3 and 4) . For NPAH, the higher quantities of 2-nitrobenzothiophene, nitrophenanthrene, and nitroanthracene isomers determined by use of toluene and ethyl acetate (Fig. 3a) could be linked to the lower recoveries obtained for their corresponding surrogate, 9-nitroanthracene-d9 (Fig. S5 (Electronic Supplementary Material) and Table 1 ). For both these solvents, significant differences (lower mass extracted) were observed except for 6-nitrobenzo[a]pyrene in PLE extraction and other solvents in the QuEChERS-like approach (Fig. 3b) . For OPAH (Figs. 4a  and b) , no significant differences were observed expect for 5,6-chrysenequinone, phthalic anhydride, 1,2-naphthalic anhydride, and 2,3-naphthalenedicarboxylic anhydride with higher quantities determined by use of ethyl acetate, ACN, and DCM. Overall, DCM and ACN QuEChERS-based extraction extracted more OPAH.
Finally, ACN seemed to provide the best compromise and was selected for extraction of the NPAH and OPAH by use of the QuEChERS-like extraction procedure. This solvent is also less toxic than those used for PLE and fully compatible with the PAH extraction procedure, based on QuEChERS approach, developed previously [51] .
Clean-up SPE phase Preliminary tests were conducted using dispersive-SPE (d-SPE) with different sorbents or sorbent mixtures including Florisil, SiO 2 , Al 2 O 3 -SiO 2 , PSA (primary secondary amine), and C 18 (5.5 mL supernatant in a tube with approximately 200 mg sorbent or sorbent mixture followed by vortex agitation for approximately 1-2 min). When d-SPE was used the resulting chromatograms were not clean (insufficient purification of the sample extracts with high baseline level and numerous, large interfering peaks) and did not enable quantification of the targeted compounds. The equilibrium between solid and liquid phases was probably not reached and/or always broken during the agitation process, even when a large NPAH and OPAH mixed standard solution) from the same PM 10 ambient air filter sample (n=3). Error bars correspond to standard deviations from triplicate experiments. Same analytical conditions as for Fig. 3 amount of sorbent was used (>200 mg). Purification of extracts by d-SPE for analysis of NPAH and OPAH should be investigated further.
Five SPE phases (or combinations) (Al 2 O 3 , SiO 2 , C 18 , NH 2 , and GCB (graphitized carbon black); 500 mg, 3 mL; Macherey Nagel) were investigated for purification of the sample extract and for determination of the efficiency of recovery of NPAH and OPAH. The chromatograms in Figs. S6 and S7 (Electronic Supplementary Material) show that, qualitatively, the efficiency of clean-up using C 18 and GCB was not as good as with the other phases (higher baseline, numerous large, interfering peaks on the chromatograms). In addition, when GCB was used, peaks of the target NPAH and OPAH could not be observed in the chromatograms (complete adsorption of NPAH and OPAH by GCB). When this sorbent was used, recovery of the surrogates was very low (Fig. S8, Electronic Supplementary Material) , so GCB was not selected. Recovery of the surrogates was similar for NH 2 (except for 1,4-naphthoquinone-d6), SiO 2 , and Al 2 O 3 -SiO 2 (always lower when PLE was used, as for the results described in the section "Extraction solvent"); when C 18 was used, however, recovery was significantly higher for anthraquinone-d9, 9-nitroanthracene-d9, and 3-nitrofluoranthene-d9, even >100 % (150-250 %). This was because poor extract purification by this phase resulted in overestimation of the surrogates (Figs. S8 and S9 , Electronic Supplementary Material). Other phases provided similar qualitative results with clean chromatograms (Fig. S9, Electronic  Supplementary Material) .
Quantitative results are shown in Figs. 5 and 6. Because of overestimation of the surrogates when C 18 was used, the quantities of NPAH and OPAH determined were significantly lower than for the other phases. In addition, for some compounds (e.g. dinitropyrenes), the standard deviations obtained by use of this phase were larger (Fig. 5b) . Overall, with NH 2 , quantities determined were similar to those for Al 2 SO 3 /SiO 2 Fig. 5 Dependence of the average quantities of NPAH determined on the phase used for SPE clean-up: a, low molecular weight NPAH; b, high molecular weight NPAH. Fortified filter punches (∅ = 47 mm) (5 ng added, 5 μL of a 1 ng μL −1 NPAH and OPAH mixed standard solution) from the same PM 10 ambient air filter sample (n=3). Error bars correspond to standard deviations from triplicate experiments. Extraction solvent for PLE was DCM and SPE clean-up was performed using Al 2 O 3 and SiO 2 cartridges. The same final elution mixture was used for all SPE phases (9 mL 35:65, (v/v) DCM-pentane). The solvent for the QuEChERS-like extraction procedure was ACN and the extraction time was 1.5 min (PLE and QuEChERS) and SiO 2 . However, this phase seemed unsuitable for quantification of aldehyde OPAH-systematically lower quantities were found in comparison with the other SPE phases. In addition, recovery of 1,4-naphthoquinone-d6 was very low with this phase. On the basis of the qualitative and quantitative results, Al 2 O 3 /SiO 2 and SiO 2 seemed the most suitable phases and the best compromise for simultaneous quantification of the 64 target compounds. Taking purification efficiency and time into consideration, use of SiO 2 was the best compromise and this phase was selected for the final NPAH and OPAH analytical procedure.
Extraction time
The effect of agitation time (vortex mixing) on the efficiency of extraction of NPAH and OPAH was evaluated. Figure 7 shows the results obtained for some compounds. After agitation for 30 s, NPAH and OPAH extraction was almost complete and the efficiency of extraction reached a plateau after agitation for 1.5 min. Increasing the extraction time to 5 min did not improve the efficiency of extraction. An extraction time (vortex mixing) of 1.5 min was selected for the QuEChERS-like extraction procedure. A similar agitation time was selected for analysis of PAH in previous work [51] . (4) 50 ( Tables 2 and 3 . It must be emphasised that this study is the first to report the concentrations of many of these compounds, especially OPAH and other oxygenated compounds (aldehydes and acid anhydrides). For SRM 2787 , exce pt f or some certified N PAH concentrations, the results obtained here have not previously been reported (Tables 4 and 5) . For both SRMs, the mean concentrations measured by use of PLE and QuEChERS-like extraction were in good agreement (Tables 2-5 ; Figs. S10 and S11, Electronic Supplementary Material). Significant differences were obs e r v e d f o r a f e w c o m p o u n d s o n l y, n a m e l y 3 -nitrodibenzofuran, phthalic anhydride (only for SRM 1649b for both compounds), 2,3-naphthalenedicarboxylic anhydride, 1,2-naphthalic anhydride, 2-nitrofluorene, 9,10-phenanthrenequinone (these last two compounds were not detected by use of PLE). Among these compounds, calibration was extremely difficult for phthalic anhydride, 1,2-naphthalic anhydride, and 2,3-naphthalenedicarboxylic anhydride (as discussed in the section "GC-NICIMS settings").
The results obtained were consistent with the indicative, reference, or certified concentrations, with the exception of 9-nitroanthracene in SRM 2787 and, to a lesser extent, benzanthrone in SRM 1649b (NIST indicative value). For SRM 1649b, NPAH and OPAH concentrations were also consistent with values reported for different versions of SRM 1649 (urban dust) [2, 15, 18-20, 23, 28, 34, 59, 73, 74] . We noted a significant difference for 9-nitroanthracene, reported only recently by Schantz et al. [74] . For both SRM 1649b and 2787, the high temperatures (200 and 150°C, respectively, in Refs. [74] and [60] ) used for extraction could explain the differences observed for this NPAH.
All the results obtained demonstrated the validity of the QuEChERS-like extraction procedure developed in this study for analysis of atmospheric particulate NPAH and OPAH.
Evaluation of the uncertainty of measurement Uncertainty of measurement was evaluated by the GUM approach (guide to the expression of uncertainty in measurement) [75] . For both PLE and QuEChERS, 90 % of the total uncertainty (sampling+analysis) can be attributed to the analytical procedure. Details and results of the calculations are reported in the SI. When PLE was used, uncertainty was in the range 36-580 %; for QuEChERS-like extraction the uncertainty ranged from 22 to 586 % (Table S2 , Electronic Supplementary Material). For both, larger uncertainty was observed for 3-nitrobiphenyl, 5-nitroacenaphthene, 2-nitropyrene, 4-nitropyrene, and 6-nitrochrysene, because of their low concentration in SRMs 1649b or 2787. In comparison, total uncertainty for measurement of benzo 
Conclusions
A QuEChERS-like extraction procedure has been developed for analysis of particle-bound oxygenated and nitrated PAH. Several improvements were made to analytical GC-NICIMS conditions, including GC injection and MS conditions. The final analytical procedure enabled simultaneous quantification of 32 NPAH and 32 OPAH (or other oxygenated compounds). and NPAH, this is the first report of their concentrations in both SRMs. The QuEChERS-like extraction procedure is a simple and efficient method with minimum sample handling and few other steps, enabling time saving. Relatively rapid extraction (only 1.5 min for simultaneous extraction of up to 60 samples) implies that approximately 60 "ready to analyse" samples can be processed (sample extraction and purification) per working day. Low solvent consumption (7 mL ACN), lack of costly investment in material (<6 k€), and lack of maintenance required result in low cost per sample. Another major advantage is that the QuEChERS-like extraction procedure is a soft extraction technique performed at room temperature, thus preserving sample integrity. No problem of degradation or formation of by-products is likely to occur, in contrast with PLE, as previously demonstrated for OPAH [40] .
Finally, this work showed that QuEChERS-like extraction procedures are fully suited to molecular chemical characterization of atmospheric organic aerosols and could be extended to other categories of compound (e.g. hopanes, steranes, PCBs, PBDEs, pesticides, molecular source tracers, typical SOA compounds …). Further improvements could be achieved by incorporating a d-SPE step as an alternative to SPE used for sample extract clean-up.
